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Abstract

Fish production from the Dungeness River chinook captive brood stock project and associated
eva uation and monitoring efforts are reported for the time period spring 1993 through the
releases of the 1999 brood year fry and smolts in summer 2000.

The annua average Dungeness system adult chinook spawner escapement estimates from 1986
through 1999 is 147, ranging from 45 to 335. Timing and location of redds by river sections are
summarized for 1992 through 1999.

The origins of the fresh water and sea pen chinook brood stocks; the maturation and spawning
of the mature captive brood stock; the incubation, marking and releases of the brood stock
progeny, and fish health monitoring and treatment efforts are reported. Through the 1999 brood
year, 2,290 crosses were made which yielded 7,478,000 ponded fry over the five reporting years.
Estimates of anticipated production levels are projected for the remainder of the project. Adult
returns from the project in return year 1999 are reported.

Fish health observations and treatments for the freshwater captive brood stock are outlined.
Treatments administered to pre-spawning brood stock and results of pathogen screens done on all
spawned fish are reported.

Estimates are presented of the numbers of downstream migrant chinook progeny from the captive
brood program made at a calibrated migrant fish trap which operated in 1996 and 1997. Detalled
methods for enumeration of wild and project origin smolt from the trap data are described.
Survival estimates from release site to the trap site for release groups in 1997 consistently ranged
from 21 to 23%. Survivalsin 1996 were much more variable, ranging from 2% to 32%. These
results and possible explanations are provided.
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Introduction

Thisis the second progress report on the captive brood stock effort aimed at restoration of the
Dungeness River’s chinook salmon. The first report, Smith and Wampler, 1995, summarized the
stock status, described the rationale for the program and its strategies, described methods used
and summarized thefirst year's (1992-93) results in establishing the captive brood stock
program. This report summarizes the captive brood stock project’s production and in-river
evaluation efforts from the spring of 1993 through August 2000.

Program Formation

The Dungeness River Chinook Salmon Rebuilding Project (DRCSRP) was officialy founded in
December of 1991 with the signing of a Memorandum of Understanding among Long Live The
Kings (private, non-profit conservation group), National Marine Fisheries Service (NMFS), Point
No Point Treaty Council, U.S. Fish and Wildlife Service (USFWS), and Washington Department
of Fish and Wildlife (WDFW). The rebuilding program has been devel oped and implemented by
the Dungeness River Wild Chinook Restoration Steering Committee, which originally had
representation from the above federal and state agencies, tribal government, and Long Live The
Kings. Since 1996 the steering committee participation has been limited to WDFW and the
Jamestown S’ Klallam Tribe. Several regional enhancement groups and sportsmen’ s associations
have also participated in the rebuilding program with countless volunteer hours.

Background

In the early to mid 1980s, elected officials of Clallam County grew concerned about the decline in
abundance of chinook salmon (Oncorhynchus tshawytscha) in the Dungeness River and appointed
a Dungeness River Management Team to address this decline as well as other river-related
problems. An outgrowth of this effort resulted in extensive in-river spawner escapement surveys
consisting of snorkel surveys by the USFWS and redd monitoring by WDFW. The snorkel
surveys were conducted in 1981, 1982, 1986, and 1987, while the redd monitoring started in
1986 and continues to date. Information from these surveys led the state and the tribe to list the
stock as “critical” based upon chronically depressed levels of spawners (WDF et a. 1993). This
classification is reserved for stocksin jeopardy of a significant loss of within-stock diversity or at
risk of extinction. Concern for the long-term future of this stock was heightened by the unstable
ecological conditions in the Dungeness River. The depressed and vulnerable condition of this
stock led to the establishment of the Dungeness River Chinook Salmon Rebuilding Project. In
March 1999 the National Marine Fisheries Service listed Puget Sound chinook as threatened
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under the Endangered Species Act. The Puget Sound ecologically significant unit includes the
Dungeness River stock.

Goal

The overal goal of the project isto provide a self-sustaining, natural population that maintains the
genetic characteristics of the existing chinook salmon stock and meets the agreed-to escapement
goal in three out of every four years by the year 2008. The current agreed-to escapement goal is
925 fish per year.

The god of the rebuilding program isto provide a heathy, self-sustaining population that
maintains the genetic characteristics of the existing chinook salmon stock. The intent is to achieve
a population size compatible with the Dungeness River basin, that will maintain an adequate
effective population size, and that can withstand moderately adverse ecological impacts. Itis
recognized that the long-term success of the rebuilding program is dependent upon significant
restoration of chinook salmon habitat in the Dungeness River and correcting other factors that
limit production. A key procedure selected for rebuilding the chinook salmon population in the
Dungeness River is development of, and expansion from, a captive brood stock. This report
summarizes seven years of the captive brood stock effort. Other efforts regarding habitat
assessment and restoration are not reported . It is recognized that the use of a captive brood stock
methodology for wild stock restoration is experimental and is being undertaken with
acknowledged risks to genetic integrity and the long-term health of the stock(s).

Objectives
To achieve the god, the following objectives were defined (Smith and Wampler, 1995).
Genetic Objectives:

1. Collect arepresentative sample of the total population to establish the brood stock
program and lessen the risk of genetic bottlenecks. Sample 25 chinook salmon families
throughout the Dungeness River watershed annually for eight consecutive years.

2. Develop and follow a captive brood stock spawning protocol, including:

a ldentifying individual spawners by reading tags prior to spawning,
b. Avoid full-sbling matings,

c. Using 1:1 spawning techniques,

d. Recording all spawning crosses.

3. L essen the risk of domestication effects by conducting the captive brood stock program
for no more than two consecutive generations (eight years). After that time, evaluate the
program before deciding whether or not to continue.
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Natural Production:

1. Allow natural production to continue concurrent with the captive brood stock program by
[imiting the removal of pre-emergent fry from each redd and monitoring the
post-emergent fry collection adjacent to each redd.

2. Design and implement experiments to estimate the level of mortality on the natural
population caused by the sampling technique used to collect chinook salmon fry for the
production objectives (below).

3. Modify the sampling technique if collection-induced mortality exceeds 25%.

Production Objectives:

1. Obtain 5,000 pre-emergent and post-emergent chinook salmon fry each year; 2,500 for a
freshwater captive Brood stock program and 2,500 for a saltwater captive brood stock
program.

2. Collect 200 chinook salmon fry from each family from a minimum of 25 families per year.
If additional families are available, samples should be collected from as many families as
possible and the numbers collected per family reduced proportionally until atotal of 5,000
fry has been collected. Excess fry should be returned to their respective

3. Maintain family integrity throughout the project by using separate rearing units or fish

mark/tagging techniques. collection site in the river as fed fry once pre-emergent and

post-emergent fry collection activities have ceased. Production shortfall due to low
numbers of families sampled within any given year should be made up in succeeding years.

Rear fry to spawning adults with atotal mortality of 50% or less in each family.

Release progeny back into the river in a manner that mimics the natura life history

characteristics of the stock, has a high likelihood of success, and can be monitored and

evaluated.

6. Compare the saltwater and freshwater captive Brood stock programs for operational and
technical effectiveness. Report the findings in atechnical or progress report.

ok

Monitoring and Eva uation:

Lo

Coded-wire tag a statistically valid proportion of each release strategy.

2. Support a sampling rate of at least 20% in fisheries to which this stock contributes.
Evaluate coded-wire tag recoveries to assess marine survival, stock distribution, and
fishery contribution rates. Recommend harvest adjustments if the exploitation rate
exceeds 60%.

3. Continue to conduct spawner surveys to:

a. Estimate escapement and recover coded-wire tags,

b. Sample at least 20% of the escapement for the presence of tags,

c. Evaluate recoveriesto assess spawner success from different rel ease strategies.
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Changes to Objectives Since 1995

Since the above listed objectives were defined, some have been modified, often based on redlities
and practical constraints, in the following ways:

Genetic Objectives:

1.

The objective to sample 25 families was not achievable at times because of the low
numbers of redds in the river and/ or high or turbid water conditions during collection
periods.

The spawning protocol was modified as described in Chapter 5. Spawning was allowed
prior to the reading of tags when very large numbers of spawners made pre-identification
impractical.

The time period for brood stock collection was reduced to six years after recognition that
the progeny of the project’s jack returns should not be included in the brood stock in
order to try and meet the goal of minimizing the risk of domestication selection.

Natural Production Objectives:

1. As described later, collection of brood stock was switched from pre-emergent fry to eyed
egg collection.

2. No experiments on the effects of redd sampling on remaining fry in the redds was possible
due to the large numbers of redds required for a valid experiment.

Production Objectives:

1. Fry collection goals were reduced when the estimated brood stock mortalities used in the

initial planning phases proved to be too high. Lower mortalities during the rearing and
tagging of the brood stock allowed fewer fish to be captured while achieving target green
egg take levels of approximately 1.2 million.

Monitoring and Evaluation Objectives:

1. Coded-wire tagging of each release strategy was not achieved due to funding shortfalls for
coded-wire tagging and difficulties rearing fry to tagging size at the appropriate time.
Other marking strategies which had lower cost and were not dependent on size were
employed to try and achieve monitoring and evaluation objectives.
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Stock Status
(Bill Freymond)

The Dungeness wild chinook is considered a spring/summer stock of native origin. This section
of the report will focus on stock assessment activities that have been conducted from the time of
the first progress report in 1992-93 through spawner surveys of 1999. Stock assessment activities
have focused on two main areas. 1) intensive spawning ground surveys conducted from August
through October annually; and 2) out-migrant monitoring in 1996 and 1997.

Historical Abundance and Timing

An excellent historical perspective of Dungeness chinook abundance, sto include: 1) The ck
identification, run timing, hatchery production and harvest impacts is presented in the origina
progress report of this program (Smith and Wampler, edit. 1995). Pertinent information
provided by Carol Smith (WDFW) and Brad Sele (Jamestown S Klallam Tribe) number of
chinook counted at a single-barrier rack placed in the river near the Dungeness Hatchery ranged
from 600-850 fish/year in the 1930s, dropped to about 300 fish/year in the mid-1940s through the
1950s, followed by a peak count of 1,305 in 1959 with a steady decrease annualy (with the
exceptions of two spikes of nearly 600 fish/year in 1962 and 1972) until the mid * 70s and early
‘80s when counts were consistently below 100 fish/year. The rack was removed from the river in
1982; 2) analysis of geographical and temporal distributions of chinook redds resulted in the
Restoration Committee agreement that only one stock of chinook existsin the river; 3) although
precise run entry timing is unknown, the average start of spawning activity near the hatchery
(August 18) isvery similar to the average first arrival timing at the rack from 1938-81 (August
15); and 4) harvest impacts on this stock are basically unmeasured, however, a number of
measures have been taken to minimize harvest impact. Those measures include: @) no chinook
salmon fisheries alowed in the Dungeness River; b) no chinook harvest allowed in the Strait of
Juan de Fuca recreational and commercia fisheries from April 15 through June 15; c) coho
fishing delayed in the Dungeness River until October 15 (after chinook spawning has ceased); d)
the recreational fishery in Dungeness Bay open to coho only in October, €) the steelhead fishery
in river closed during August and thru October 15" and f) all Dungeness Bay commercial net
fisheries must release al chinook unharmed.

Current Escapements/Monitoring Activities

The current agreed to escapement goal for chinook in the Dungeness River system is 925
spawners. This value was arrived at jointly by WDFW and the Jamestown S Klallam tribe in 1994
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and is based on an estimated 25.7 miles of available habitat and using afactor of 36 chinook
Spawners per river mile.
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Estimated escapements from 1986 through 1991 ranged from 88 to 335 fish (Table 1). Since the
beginning of the chinook restoration project in 1992, escapements have ranged from alow of 45
in 1993 (4.8% of escapement goal) to ahigh of 177 (19.1% of escapement goal) in 1996.

Table 1. Chinook salmon escapement estimates for the Dungeness River, 1986-99.
Return Y ear Escapement

1986 238

1987 100

1988 335

1989 88

1990 310

1991 163

1992 150

1993 45

1994 58

1995 163

1996 177

1997 50

1998 110

1999 75

Average 147

Intensive spawner surveys have continued since the 92-93 progress report. The Dungeness River
isdivided into eight sections between the mouth up and river mile 18.7 at Gold Creek. The lower
Gray Wolf River is aso surveyed with results presented as footnotes at the bottom of Tables 2
and 3. Each section is usually surveyed weekly with some start dates later than others depending
on location. During the years of brood stock collection, 1992-1997, in addition to redds being
flagged, the specific locations were mapped for later fry/egg pumping efforts. During all spawner
surveys, live and dead fish were counted and scale samples taken from all carcasses encountered.

Escapement estimates are calculated by multiplying the annual cumulative redd count by 2.5,
which is the estimated average number of adults each redd represents. This expansion factor was
developed from a study on the Skagit River (Orrell, 1976).

The number of chinook redds counted in the Dungeness and Graywolf Rivers ranged from 18 in
199310 71in 1996 (Tables 2 and 3). Redd distribution in the mainstem Dungeness is summarized
for three river segments, river miles 0-6.4; 6.4-10.8 and 10.8-18.7 and are presented in Table 3.
Since 1992, 43% of redds have been observed in the lower 6.4 miles, 29% in the middle segment
and 28% in the uppermost segment which ends at the documented limit of chinook spawning.
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Table 2. Chinook redd counts by two-week periods in the Dungeness River, 1992-99.
v Number of Chinook Redds by 2-week Period
ear?
Aug. 1-15 Aug. 16-31  Sept.1-15  Sept. 16-30  Oct. 1-15 Oct. 16-31 Totals
1992 0 20 20 15 5 0 60
1993 0 9 5 4 0 0 18
1994 0 11 5 3 2 2 23
1995 0 5 28 25 6 1 65
1996 1 8 30 29 3 0 71
1997 3 5 10 2 0 0 20
1998 0 3 8 20 11 2 44
1999° 0 0 6 17 6 1 30
Totals 4 61 112 115 33 6 331
Avg. Prop. 0.01 0.18 0.34 0.35 0.10 0.02
& 1992: 1 additional redd observed in the lower Graywolf.
1994: 3 additional redds observed in the lower Graywolf.
1996: 2 additional redds observed in the lower Graywolf.
®  Seven of the redds originally counted were later determined to be pink salmon redds and are not included
here.
¢ High water/poor survey conditionsin August.
Table 3. Chinook redd counts by section of Dungeness River, 1992-99.
v Number of Chinook Redds by Section
ear?
RM 0-6.4 RM 6.4-10.8 RM 10.8-18.7 Totals
1992 20 10 30 60
1993 3 7 8 18
1994 6 2 15 23
1995 37 24 4 65
1996 36 24 11 71
1997 2 6 12 20
1998 22 15 7 44
1999 18 9 3 30
& 1992: 1 additional redd observed in the lower Graywolf.
1994: 3 additional redds observed in the lower Graywolf.
1996: 2 additional redds observed in the lower Graywolf.
®  Seven of the redds originally counted were later determined to be pink salmon redds.

In most years, the earliest redd construction isin the upper river (RM 10.8-18.7) and beginsin
mid-August. Exceptions were observed in 1995 when very few redds were constructed in the
upper river and in 1997, when mid-river reach redds were counted early in August. Redd
construction in the middle section (RM 6.4-10.8) generally beginsin late August and runs through
most of September. The lower river (RM 0-6.4) redd construction begins in September and
extends well into October. Table 2 summarizes in two week intervals the time of redd formation
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in the mainstem Dungeness from 1992 thru brood year 1999. The occasiona chinook redds
observed in the lower Gray Wolf River are footnoted.

Captive Brood Stock Program

(Chris Marlowe)

Collection Methods

Groups of pre-emergent fry, or eyed eggs (“families’) were extracted from identified chinook
redds using a hydraulic redd sampler starting in spring 1993 (1992 brood year) (Smith and
Wampler, 1995) and continuing through brood year 1997. While electro-fishing was aso used for
the 1992 through 1995 brood year collections, after 1993, it accounted for progressively fewer
and fewer of the brood stock collected. Electro-fishing was eventually phased out due to high
pre- and post-tagging mortality as well as concerns for long—term mortality of both the brood
stock animals and any un-captured fish in the river which had been exposed to the electrical field.

By 1995 only 71 of 2,391 fish were captured using electro-fishing. Electro-fishing captured fry
were consolidated into groupings (“electro shock families’) according to the river reachesin
which they were collected. Consolidation was needed for good fish husbandry and to provide
sufficient numbers to elicit good feeding behavior. Consolidation was aso used to help manage
the 1995 spawning such that fish from these “ES’ groups could only be crossed with fry from
pumped redds in the lower river. The assumption was that t he emerged fish did not move
upstream and therefore the chances of full sibling (sib) crosses would be reduced.

Table 4 shows the numbers of rearing groups and their method of capture by brood year.

Table 4. Number of rearing groups and capture method by brood year.

Brood Y ear Number of electrofishin%:_]roups Number of redd-pumped “ Families
1992 5 14
1993 8 4
1994 2 13
1995 1 39
1996 0 46
1997 0 9

The redd pumped collections in 1992 and 1993 were timed to collect fry which were just ready
to emerge (“ pre-emergent”) from the gravel in the early spring. However, low success rates
(i.e.,Jow number of redds from which fry were collected compared to the total number of redds
attempted) led to a change in strategy for brood year 1994 collections. The collection effort was
switched to alate fall period when redd contours were still visible and the eggs were calculated
to be at the eyed egg stage and when redd contours were still visible in the river bed. This switch
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in collection strategy led to much higher success rates. The switch to eyed egg pumping was also
prompted out of adesire to obtain fish from as many redds as possible before winter high water
events caused streambed scouring, making successful pumping difficult in the early spring. The
increased success rate and availability of more redds to sampling in the late fall contributed to
the project’ s increased numbers of families taken for the brood stock program.

Early Rearing Protocol

All captured eggs/fry were brought back to the WDFW Hurd Creek Hatchery located on the
lower Dungeness River near Sequim, WA . Fry were enumerated and kept segregated in small
rearing troughs inside the hatchery. These troughs were supplied with pathogen free ground
water, and for eggs/ fish collected early in the season chilled water was used to minimize the
difference in developmental stages of early and late collected eggs/fish. Eyed eggs were incubated
in vertical rearing trays.

After swim-up, the family groups were placed directly into separate 4 foot diameter circular tanks
with 24 cubic feet of rearing space. The Hurd Creek facility has 30 such tanks to accommodate
the program goal of 25 families per year. During early rearing and initial feeding, flow to the
tanks was maintained at 1 to 2 gallons per minute (gpm.) which kept the circular current, or spin,
toaminimum. This alowed the fry time to acclimate and start feeding. After approximately 3 to
4 weeks, flow was increased to 5gpm. A medium to strong spin was maintained in the rearing
tanks for the remainder of the juvenile rearing cycle. Thisflow facilitated tank cleaning and is
believed to have contributed to good fish health. Half of each tank had a opaque cover to prevent
visua disturbances to the fish during feeding. Rearing densities never exceeded 0.55 Ib/cu. ft. in
the 4 foot. tanks and averaged under 0.5 Ib/cu. ft. Family groups were reared in the 4 foot tanks
until time of tagging after which they were moved to 20 foot diameter grow out tanks. Density
routinely approached one Ib/cu. ft. in the 20 foot. grow out tanks as the date for the transfer of
maturing fish approached.

The program size goals for coded wire tagging was 20 fish per pound (fpp) which was usually
attained by early September when the fish were approximately 1 year old. Fish determined to be
in excess of program requirements were released back to the river near their original capture point
prior to tagging. “Excess’ fish occurred because the redd pumping process occasionaly hit dense
“pockets’ of eggs and large numbers of eggs were collected in afew seconds which led to more
eggs than the per family collection goal. Additionaly, the collection goal per redd changed during
the course of a collection season, as more or less redds were successfully sampled.

Standard WDFW rearing protocols which call for two prophylactic Erythromycin treatments for

Bacterial Kidney Disease (BKD) when rearing yearling chinook were used. No other therapeutic
treatments were administered to any group reared in the 4 foot circular tanks.

Tagging
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Tagging of family groups for future identification was done after the fish reached at least 20 fpp
(21 grams). Two different tags in three body locations were used to maintain family identification
integrity. A visual implant (V.1.) tag was placed in the | eft adipose eye tissue, a standard
coded—wire tag (CWT) was injected in the snout and an additional CWT was placed in the
adipose fin. The redundant tagging protocol helped ensure identification in the event of alost tag.
After tagging fish were transferred to their grow out facility, either to the freshwater 20 foot tanks
at Hurd Creek or to the South Sound Net Pen (SSNP) facility.

Half of the 1993-96 brood years collections were so divided and reared separately. Dividing of
each family/ collection group into fresh water reared and sea water reared halves was done to
protect against catastrophic loss of a complete brood year, or in worst case, the entire program.
Additionally, it allowed the project to compare saltwater and freshwater reared chinook brood
stock performance.

Table 5 shows the numbers of tagged fish retained in each of the brood stock components.

Table 5. Tagged fish retained in each of the brood stock components.

Brood Y ear Number of freshwater brood ~ Number in sea pens brood Total Number
1992 3,694 0 3,694
1993 787 728 1,515
1994 1,205 1,185 2,390
1995 1,189 1,197 2,386
19962 1,193 323 1,516
1997 1,189 0 1,189

& In April 1998, 240 brood stock fish of the 1996 brood year were moved to the NMFS captive brood stock
facility at Manchester, WA for rearing in pathogen free seawater tanks as an alternative to SSNP where
disease and toxic algal blooms were significant sources of mortality. It was hoped that these fish might be a

source of males if males became limiti ng in future gawni ng.

Table 1A and 1B of Appendix A summarizes the number of fry from each of the family/groups
which were the basis of the brood stock programs at Hurd Creek Hatchery (freshwater) and at
SSNP (satwater) from brood year 1995 through 1997. Asindicated, these are the numbers
tagged and do not reflect any fry mortality prior to tagging or numbers of fish which were
returned prior to tagging to the river as surplus to project needs.

Throughout this report families are designated by a number representing the last digit or last two
digits of the brood year followed by their family code. Thus 4A3 or 94-A3 is family A3 from
brood year 1994. In the 1992 brood year collections, al group/family names which start with the
letters ES are electro-fishing collected groups and are a consolidation of some smaller collections
which were combined to form the ES groups. These “ES’ designations are then referred to
throughout the rest of thisreport (e.9.,92-ES3).  In the 1993-95 collections el ectro-fishing
collected groups are designated by having the letters EL at the end of their names (e.g., 93-
D7EL). Inthe 1995 brood year collections, the high number of collection groups required the
consolidation of two families into each of the 4—foot diameter rearing tanks prior to tagging. To
keep these families identifiable for later tagging, one of the families destined for each of the tanks
was left vent clipped while the other remained un-clipped. These families are designated by names
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which end in the letters LV (e.g., C5LV) and which follow the other conventions described for
1993 and 1994. For the brood years 1996 and 1997 the naming convention was shortened to the
last digit of the brood year and the 2 character family name with no hyphenation (e.g. 6C2).

One other caveat regarding family coding and identification can be seen in Table D1, Appendix D.
In that table, alist of all the CWT codes and associated families in the brood stock there are four
CWTs presented in bold font. These four codes, two pairs of two, are sets of codes which were
accidently used to code two families with the same code. In the case of code 63 49 58 used for
families 94 B6EL and 96 6Z1, it was often possible at spawning to separate the two families
because the two—year difference in age made fish size a distinguishing feature. Throughout this
report the family identification for fish with this code are reported unambiguously for these two
families when there was size information available. In cases where no size information was
available, ajoint identification is given( i.e., 4B6EL/6Z1). For the code, 63 56 17, both families
were from the same brood year and were indistinguishable by size at spawning and are reported as
5A1/5C2.

Rearing to Maturation
Freshwater Component

After tagging, 1,200 fish per brood year, representing all of that year’s families as equally as
possible, were combined and transferred to the 20 foot circular tanks for rearing. Each tank
contained 1,250 cubic feet of rearing space, with 100 gpm of water flow. Fish were held in the 20
foot tanks without handling or sampling until late July of the following year when any maturing
fish were sorted out of the population. After the maturing 2—year old males (“jacks’) were
removed, the remaining fish were then divided into three ponds (approximately 350 fish per
pond) for continued rearing. At the end of the third year of rearing, maturing males and females
(small percentage) were removed from the population for spawning. The remaining fish were
further divided into five ponds for continued rearing. At the end of the fourth year of rearing,
maturing males (most of those remaining) and females were removed from the population for
spawning. The remaining fish were divided into ponds at about 125 fish per pond. Asthe
numbers of remaining fish in multiple brood years diminished, two brood years were consolidated
into asingle tank. Thisminimal handling policy of the fish except for the remova of maturing fish
is believed to have contributed significantly to the high rates of survival from collected egg/ fry to
maturation experienced by this program.

Feeding was done once aday, every day, for most of the year. Feeding was to approximately
75% of satiation each day, so the percent of body weight fed varied from day—to—day. Thefirst
three brood years (1992-94) were fed Bio Products diet grower for two years and BioDiet brood
for the remainder of their rearing. The most recent broods (1995-97) were fed Moore Clark’s Fry
for the first two years and Moore Clark’s Pedigree Trout Brood diet for the remainder of rearing.

Feeding was reduced as the fish approached maturation. Nine weeks prior to sorting (late May)
feeding was reduced to five days per week. At five weeks prior to sorting, feeding was reduced
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to three days per week. Three weeks prior to sorting, feeding was stopped. This was done for
two reasons: the first was to try and duplicate the normal condition of naturally returning adults;
and the second was that it helps with the sorting out of maturing adults. The non—maturing fish
lose some weight which makes them easier to tell from the maturing fish which continue to
develop more rounded, full abdomens, due to gamete development.

Sea Pen (saltwater) Component

Starting in December 1994, a seawater phase of the Dungeness Spring Chinook captive brood
stock program was started as insurance against a catastrophic failure in the fresh water brood
stock program. A seawater based brood stock component was deemed desirable at the outset of
the overall project because the practice of rearing chinook to maturity totally in fresh water was
unproven, posing risk to a stock deemed to be at critically low abundance (see Chapter 5in
Smith and Wampler, 1995).

WDFW’s SSNP had an ongoing sea—water brood stock of White River Spring Chinook (WRSC)
operating from the spring 1989 until the fall 1997. Over the course of seven years the WRSC
program produced an average of 850,000 green eggs per year with an average 68% successful
egg to hatch rate. On average, 3,500 smolt at SSNP produced 766 adult spawners per year with
a22% survival of smolt to spawner product (3—-year mature spawners and older) (Andy Appleby,
WDFW, personal communication). At the time the Dungeness program was being started the
White River Spring Chinook program was phasing out.

Four groups of brood year smolt (1993-96) from the Hurd Creek facility were transferred to
SSNP. These sea—water transfers occurred from early to late winter with small pilot groups of
100 fish brought to SSNP a week in advance of the main groups to ensure transfer survival.
Transfer groups consisted of smolts from all of the families being reared at Hurd Creek for the
particular brood year’s collections. Fish were transferred at 5-8/fpp with numbers ranging from
323 up to 1197 (see Table 5 above). Smolt acclimation survival was considered high with little
or no visible loss observed during and after transfer. Because of the relatively few smolt numbers
compared to the rearing capacity of the net pens, entire brood years were able to be reared from
smolt to the older agesin one 40" x 40" x 18 net pen. Mesh size for the pens ranged from 5/8" to
3/4" (stretch) during the first year up to 2%2" (stretch) mesh by the time the fish reached 2-3 Ibs
each. All penswere installed with bird predation control netting tightly secured over the top of
the pens. Encircling predator nets, to prevent seal and dogfish shark predation, were also
installed around the smaller mesh pens. The larger mesh pens with heavier gauge construction
material were left without predator nets. From June through August frequent net changes (2-3
week intervals) were needed because of heavy levels of marine fouling organisms growing on the
mesh.

BioDiet Brood (4.0 mm - 12.0 mm pellets) was hand fed 2-3 times daily on a 5—day schedule.
Lower feed rates were maintained at times of low (less than 44°F) and high (exceeding 60°F)
water temperatures. Optimum growing periods (temperature regimes 48°F - 56°F) occur
approximately six months of the year with low winter and high summer ambient temperature
capping potential growth capabilities. Feed rations for 3—year or older stocks were much reduced
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by mid-July with once a week feedings for the first two weeks of August. After this the fish were
not fed until the maturing fish had been sorted out.

Annua physical inventories were accomplished when splitting or moving fish from one pen to
another. This usually occurred once a year, coinciding with the separation of mature and non-
maturing fish of the same year class. Accounting for mortality in the net pen rearing environment
proved difficult. Dead fish were collected when they floated to the surface or during monthly
diving surveys. Approximately 50% or more of the mortalities were not recovered. Possible
explanations for the unaccounted losses include consumption of the fish by crabs from outside the
pen, rapid disintegration of the carcassin warmer sea water, or cannibalism.

Besides inventory discrepancies, losses of fish occurred from diseases, algae toxins and pre- and
post—spawning mortality. The causative agents for Bacterial kidney disease (BKD), vibrio and
furunculosis were diagnosed periodically during the salt water rearing phase. The summer high
water temperatures often contributed to these disease outbreaks. Losses due to vibrio and
furunculosis were generally low and easily controlled using antibiotics. BKD was a so diagnosed
during colder water winter periods aswell. Losses due to BKD occurred in the winters of 1996
and 1997 for brood year 1993 fish resulting in loss of more than 10% of the population. Brood
year 1994 also experienced significant winter BKD lossesin 1997. Brood year 1995 had only
dight winter problems while brood year 1996 fish did not record a verified BKD loss.
Therapeutic treatments of TM and erythromycin had been administered to help prevent losses due
to BKD.

Pre-spawning mortality of maturing fish was observed prior to the freshwater transfer. BKD and
high water temperatures are considered the likely cause. Sorting and handling losses of 1 to 9%
occurred among the non—maturing fish within afew days after the mature fish had been
transferred ( late August and early September).

Two toxic algal mortality events occurred, with higher mortality experienced by the older fish.
Thefirst occurred on October 17-23, 1997. The non—mature fish had just recently finished a
10-day TM treatment for post handling infection and were feeding normally. Feeding stopped
abruptly in mid—day on October 16, 1997. On the morning of October 17, numerous older (age
3+) fish were lethargic and near the surface with many fish convulsing, regurgitating feed and
then dying. Thiskind of behavior lasted for approximately five days with peak loss counted on
the 18". By October 23, the loss had subsided. Severity of loss ranged from 80% in the ol dest
age Dungeness fish (1993 brood year) to 14% for the 2 year old animals. Toxicologic samples
from swollen and discolored liver tissue showed traces of marine algal toxins. A second similar
alga event occurred on June 24, 1998, mostly affecting the 1994 (4+) brood with a 44% loss.

Tables 6 shows the numbers and gender of the fish of SSNP origin by brood year which were
transferred to Dungeness Hatchery for each year’s spawning.

Dungeness River Chinook Salmon Rebuilding Project - Progress Report 1993-1999 January 2001
15



Table 6. Mature fish transferred from SSNP to Dungeness Hatchery for spawning

Total matures transferred
Y ear of Maturity Number of Females Number of Males for spawning
1997 90 0 90
1998 75 308 383
1999 180 151 331
Total 345 459 804

In addition to the fish accounted for as spawned at the Dungeness Hatchery, 91 non—maturing fish
were transferred to the Hurd Creek Hatchery in August 1999 when the SSNP project was
terminated. These 77, 1996 brood year and 14, 1995 brood year fish al died shortly thereafter.
Considering all factors, SSNP survival to maturity was 23% (804) of the 3433 (see Table 5) fish
tagged and transferred to the net pens. It is not possible to compute brood year by brood year
mortality rates due to lack to detailed records.

Weight Characteristics of Spawners

Tables 7 and 8 summarizes the average weights of freshwater and sea pen reared chinook captive

brood stock at maturity.

Table 7. Average weight of freshwater reared chinook captive brood stock at maturity
Brood Jacks  Females Males Females Males Females Males Females Males Largest Fish Brood
Year Year
2YR 3YR 4YR 5YR 6YR femde  mae
Ibs Ibs Ibs Ibs Ibs Ibs Ibs Ibs Ibs lbs lbs
1992 14 56 48 9.3 75 10.3 9.3 152 136 27 1993
1993 13 5.8 5.0 121 9.3 143 125 131 16.3 22 1992
1994 12 55 4.4 121 9.7 14.6 131
1995 17 59 5.4 116 11.3
1996 16 6.1 52
1997 15
Avg. 1.45 5.78 4.96 11.275 9.45 13.06 116 14.15 14.95
Table 8. Average weight of net pen reared chinook captive brood stock at maturity.
Brood Jacks  Females Males Females Males Females Males Females Males Largest Fish Brood
Year Year
2YR 3YR 4YR 5YR 6YR femde  mae
Ibs Ibs Ibs Ibs Ibs Ibs Ibs Ibs Ibs lbs lbs
1992 na na na na na na na na na na
1993 nd nd nd 121 105 11.0 nd
1994 12 nd 41 76 46 9.0 11.2
1995 32 26 2.7 9.9 8.7
1996 1.0 55 49
1997
Avg. 19 8.1 39 9.9 79 10.0 11.2
Notes: There were no 1992 brood year fish reared in the net pens. nd= no data
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General Handling Protocols of Spawners and Eggs
Handling of Mature Fish and Gametes

Protocols for the handling and spawning of maturing fish and the incubation of the resulting eggs
were as follows. Exceptions to the general protocols and notes are provided after each spawning
year's data.

Captive brood chinook were transferred from Hurd Creek and South Sound Net Pens to the
Dungeness Hatchery in late July or early August. Fish were hauled in tank trucks at the standard
rate of one pound of fish per gallon of water. Salt was added at the rate of 0.05 pounds per
galon of water. The fish were held at Dungeness in standard 10" x 100" raceways covered with
black plastic. L oadings were maintained within the recommended guidelines of 0.5 cubic
feet/pound of fish and 1gpm for each 15 pounds of fish. The fish received daily drip treatments of
formalin at the standard dose of 167 ppm for fungus control.

Spawning began in late August or early September and continued once per week until al females
had matured. During weeks when large numbers of fish matured, spawning took two consecutive
days. The normal procedure consisted of killing approximately 25 females and 25 males (after
checking for readiness to spawn). Immediately after killing males and females were numbered
independently and consecutively. Fish were then brought into the hatchery building. Females
were spawned by abdominal excision into separate 2—gallon, numbered buckets which were
placed into a tote containing ice and wet burlap to maintain correct temperature. Males were
spawned by abdominal “milking” into plastic (ziplock) bags, oxygenated and put on ice as well.
The matings were completed after consulting with the genetic guidelines developed by the
Technical Advisory Committee (TAC). In 1995 and 1996, identification of each fish was done
prior to combining gametes so asto avoid full sibling crosses. As the number of families/groups
increased (with the inclusion of the jacks from the 39 families of brood year 1995), the probability
of full sib crosses decreased greatly. The need to have identification prior to spawning was
dropped to speed up the spawning process. Family identification of each fish used in spawning
continued, but not prior to the mixing of gametes.

Incubation and Hatching

Eggs were placed into vertical incubators (FAL), three females eggs per tray, and disinfected
and water hardened in an iodophore bath @ 100 ppm for one hour (standard practice). After
disinfection water flow was set at 4gpm. Formalin treatments were administered every other day
at the standard dose of 1,667 ppm for 15 minutes for the control of fungus. After the eggs
acquired approximately 550-600 temperature units (TU) they were shocked and, within afew
days, the dead eggs were removed. The remaining live eggs were sampled for size, enumerated
and returned to the incubator trays containing an artificial substrate for hatching. The eggs
hatched after acquiring the approximately 900 temperature units needed. The viable fry were
placed in rearing containers. They were fed BioDiet starter and grower feed.
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Table 9 summarizesthe 5 years of egg production and survivals from green eggs through ponding
for both the freshwater and sea pen components.

Table9. Fiveyear summary of egg production and survivals from green eggs to ponding
1995-1999 Dungeness Chinook Egg Data

Y ear

E%s Taken E&c_; Loss % E%; L oss FryLoss % FrylLoss Fry Ponded
1995 42,803 9,914 23.16 11,797 35.9 21,092
1996 1,889,630 92,130 4.88 83,000 4.6 1,714,500
1997 FwW 2,371,800 170,400 7.18 53,100 24 2,148,300
1997 SwW 193,200 84,500 43.74 12,100 111 96,600
1998 FwW 1,970,600 109,200 5.54 41,061 22 1,820,339
1998 Sw 60,000 19,000 31.67 2,100 51 38,900
1999 Fw 1,549,200 130,700 8.44 70,400 5.0 1,348,100
1999 Sw 599,600 251,900 42.01 60,400 17.4 287,300

For each year when both freshwater(fw) and saltwater(sw) reared brood stock contributed,
percent egg loss and percent fry losses were much higher in the saltwater reared component. Poor
gamete quality in the saltwater reared females is the probable cause. It is hypothesized that either
the warm water conditions at the SSNP in summer when ova were maturing or the timing of
moving the maturing fish to the Dungeness Hatchery just prior to spawning could have caused the

poor quality eggs.

Crosses Made 1995-99

There have been five years (1995-99) of spawning mature freshwater captive brood chinook and
four of spawning sea pen reared brood stock (1996-99). Table 10 summarizes the crosses that
have been made through the spawning of the 1999 brood year.

Table 10. Summary of the crosses made through the 1999 brood year’s spawning

Spawning Y ear Number of Freshwater Crosses Number of Saltwater Crosses Total Crosses
1995 9 0 9
1996 441 75 516
1997 664 59 723
1998 450 39 489
1999 425 128 553
Total 1,989 (87%) 301 (13%) 2,29